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Background: The invention of the locking plate technology leads to alterations of treatment strategies at metaphyseal
fracture sites with the concept of spontaneous remodeling of trabecular bone voids. Whereas trabecular regeneration has
been proven in experimental animal studies, no histologic data exist on human fracture healing with special emphasis on
bone voids.
Methods: In order to qualify the trabecular bone remodeling capacity in vivo, bone specimens from the metaphyseal
bone void were analyzed 14 months after trauma using quantitative histomorphometry. Twenty-five patients with an
unstable dorsally displaced distal radius fracture were fixed with a palmar locking plate without additional bone graft or
substitute. At implant removal, specimens from the previous compression void were harvested with a trephine in a
volar-dorsal direction. In 16 patients, histomorphometric analysis could be performed, comparing the dorsal trabecular
network with the volar, non-compressed ultrastructure.
Results: Significant differences for bone volume/total volume (BV/TV), trabecular number (TbN) and trabecular
separation (TbSp), but not for trabecular thickness (TbTh) and osteoid volume/total volume (OV/TV), were detected.
Neither patient age, defect size nor gender had a significant influence on bone remodeling.
Conclusions: The results of this study indicate that trabecular bone remodeling does not lead to pre-trauma bone
quality in metaphyseal bone compression voids following reduction and application of a locking plate.
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During the last decade, substantial progress has been
made towards the understanding of cortical bone frac-
ture healing. Improved implant design and treatment
strategies like percutaneous plate fixation with semi-
rigid constructs demonstrated to preserve the blood
supply of bony fragments and enhance callus formation,
compared with more traditional techniques of absolute
stability.
However, with the demographic shift towards an ageing
population and the corresponding increase of fractures in* Correspondence: martin.lutz@moedling.lknoe.at
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unless otherwise stated.metaphyseal regions, research focus has been directed to-
wards trabecular bone fracture healing. In particular, recent
research projects investigate the impact of interfragmentary
instability on trabecular bone fracture healing, as well as
the bone regeneration capacity in metaphyseal defects [1,2].
A particular challenge is the treatment of metaphyseal
bone defects, which occur after the stabilization and ana-
tomical reconstruction of compression fractures, e.g. at the
distal radius, with internal or external implants. For many
years, metaphyseal bone defects were commonly filled with
cancellous or corticocancellous bone autografts harvested
from the iliac crest. Bone grafts have been proven to
enhance the stability of the construct and to accelerate
bone healing [3,4]. These techniques have been applied
with good outcomes reported for both upper and loweris is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Figure 1 Unstable distal radius fracture; X-ray lateral view.
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langeal fractures, the proximal and distal tibia, as well
as the calcaneus [5-9].
Due to the increased stability achieved with locking
screw and plate technology, the use of bone grafts has
been in decline [10]. These new devices enable reliable
bridging of metaphyseal bone defects of variable size
and enable rigid fixation of individual articular frag-
ments in an anatomical position. Bony healing without
loss of reduction has since been reported for such frac-
tures, and even the restoration of defects following
opening osteotomies without the application of add-
itional bone grafts or bone graft substitutes has been
described [11].
This clinical experience suggests a certain trabecular
bone defect healing capacity, which has also been con-
firmed in several animal studies. However, these studies
have also shown that the regeneration potential for tra-
becular bone defects is limited [12-14]. While small de-
fects heal spontaneously, it has been demonstrated that
from a critical defect size upwards, stable fixation with
implants alone is not sufficient to maintain reduction [2].
The aim of the present study was therefore to determine
the trabecular bone regeneration potential in clinical cases
of distal radius fractures. Histomorphometric analysis of
specimens from the initial metaphyseal bone defect was
performed and compared with the volar less traumatized
trabecular ultrastructure, at implant removal.
Patients and method
Twenty-five patients with a dorsally displaced distal
radius fracture were included in this study. All fractures
have been fixed surgically in our institution between
2004 and 2008. Mean patient age at the time of injury
was 54 years (min 18/max 75). Six men and 19 women
were enrolled, and the fracture distribution according






Fracture management included the initial closed reduc-
tion under local anaesthesia, injected into the fracture gap
and application of a cast. Computer tomography (CT)
was used, to determine articular involvement and to
calculate the volume of the metaphyseal compression
defect according to the method described by Flinkkila
and coworkers [15].
Thereafter, a locking plate was applied using a volar ap-
proach. Reduction of the articular and metaphyseal fracture
fragments was confirmed with an image intensifier. In noneof these cases, bone graft or bone graft substitutes were
used for filling the defect. The postoperative regimen
included a forearm splint for 3 weeks, followed by a physio-
therapy programme (Figures 1 and 2).
One inclusion criterion for this particular study was
radiologic healing of the fracture without loss of reduction.
Neither ulnar variance nor dorsal tilt and radial inclination
changed from postoperative till implant removal.
After bony healing, confirmed by conventional X-rays in
two planes, the fixation implants were removed 14 months
(min 6/max 30) after injury. During this surgery, bone
biopsies were harvested using a trephine with a core diam-
eter of 2 mm (Medical Device Technologies Inc; FL,
USA). The volar cortex was opened with an awl, in order
to avoid compression fractures of the trabecular network
during extraction of the biopsy. The trephine was inserted
from volar to dorsal aiming to sample the region of the
Figure 2 Lateral view demonstrating healing of the fracture with
appropriate alignment after fracture fixation.
Figure 3 Lateral CT scan after closed reduction and initial plaster
fixation of the fracture: the diagram shows the orientation of the
trephine insertion through the initial compression void at
implant removal.
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used intraoperatively to guide the trephine into the previ-
ous compression zone. The distance between the distal
articular surface of the radius and the compression void
on the sagittal sections of the CT scan as well as the carpal
bones on the anterior-posterior sections were chosen for
orientation. This information enables the localization of
the bone void on the postoperative X-ray with respect to
the screws in the T-bar of the plate. With this in mind, the
entrance point of the trephine was chosen and theintraosseous direction was checked with the image inten-
sifier (Figures 3 and 4).
After harvesting, the specimens were fixed in 4% buff-
ered paraformaldehyde, dehydrated in increasing ethanol
concentrations and then embedded in methylmethacry-
late for further processing for undecalcified histology.
Serial sections of 5 μm in thickness in a volar to dorsal
orientation were produced using a microtome (Polycut,
Reichert Jung) and the most central parts of the biopsy
chosen for histomorphometric analysis. The sections were
stained by Goldner trichrome indicating calcified trabecu-
lar bone green and osteoid red. They were then digitized
with a Leica microscope DM 6000B (Leica Headquarters,
Wetzlar, D-35578, Germany) at a magnification of ×20.
Measurements were performed on binarized images of
histological sections using National Institutes of Health
Image J 1.42q (NIH, Bethesda, MD, USA) software.
To compare the trabecular structure of the dorsal com-
minution zone with the volar, less affected bony network,
two regions of interests (ROI) of the same size (2.5 × 1.5
mm) were chosen. The first ROI was located in the dorsal
Figure 4 Axial CT scan after closed reduction and initial plaster
fixation of the fracture: the diagram shows the orientation of the
trephine insertion through the initial compression void at
implant removal.
Figure 5 Histological section at implant removal with ROI V and ROI C dep
Lutz et al. Journal of Orthopaedic Surgery and Research  (2015) 10:61 Page 4 of 7area of the section, representing the compression defect
zone, which was determined from the post-reduction CT
scan. The second ROI was located in the volar third of the
specimens, where the trabecular network is usually pre-
served (Figure 5).
In both ROIs, the trabecular bone contours were manu-
ally traced and the histomorphometric parameters BV/TV
(bone volume/total volume), TbTh (trabecular thickness),
TbSp (trabecular separation) and TbN (trabecular number)
were calculated according to Parfitt et al. [16]. In addition,
the osteoid area (stained bright red) was calculated after the
images were passed through a filter and a threshold was set
(OV/TV, osteoid volume/total volume).
Statistical analysis was performed using SPSS version
17.0 (SPSS, Inc., Chicago, IL, USA). Paired t-tests were
performed to compare histomorphometric parameters
from the two different regions. Differences with p < 0.05
were considered significant. Pearson correlations were
performed to test for dependencies between age, defect
size or gender and any of the histomorphometric param-
eters. All values are represented as mean ± standard
deviation.
Ethics
This study was conducted in accordance with the declar-
ation of Helsinki (1996 Revision) and was approved by
the institutional ethics committee of the Medical University
of Innsbruck, Austria. Specific informed consent for
participation in the study was obtained from all pa-
tients individually.
Results
The average volume of the compression zone defect, as de-
termined from post-reduction CT images, was 0.61 ± 0.42
mm3. Nine specimens were not suitable for quantitative
analysis due to destruction of the trabecular network during
the harvesting procedure, or due to an overall sample
length of less than 8 mm, therefore representing only aicting the volar and compression zone area, respectively.
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remaining 16 specimens, the values for the microarchitec-
tural parameters BV/TV, TbN, TbTh, TbSp and OV/TV
showed a relatively wide distribution throughout the study
group (Table 1). Statistically significant differences between
the two regions of interest were detected for the microarch-
itectural parameters BV/TV, TbN and TbSp, indicating that
the bone quality in the dorsal defect zone had not recov-
ered to pre-trauma values of the volar aspect. No statistical
significant difference was found for the parameters TbTh
and OV/TV (Table 2).
No significant correlations were found between patient
age, gender, defect size and any of the microarchitectural
parameters.
Discussion
In this study, we compared the trabecular bone structure
between the dorsal metaphyseal compression zone and
the volar, less affected region after reconstruction and
internal fixation of a distal radius compression fracture.
We found that the bone quality, as defined by histomor-
phometric parameters for trabecular bone, was signifi-
cantly different in the two regions after fracture healing
and at the time of implant removal. These results clearly
demonstrate the limited regenerative potential of tra-
becular bone in metaphyseal distal radius compression
fractures.
To our knowledge, this represents the first demonstra-
tion of this phenomenon in the clinically relevant anatom-
ical location of the distal radius with a high incidence of
metaphyseal compression fractures. However, these find-
ings confirm the results of previous studies at other ana-
tomical sites. For instance, Gerich et al. [17] demonstrated
in highly comminuted periarticular tibia head fractures a
subsidence of articular fragments as well as metaphysealTable 1 Mean and standard deviation of ultrastructural
parameters in volar and dorsal ROIs of the distal radius
at implant removal; sample size of the specimen and












BV/TV 16.83 (3.23) 13.12 (5.76) 0.013















(0.42)misalignment after healing. The results of our study also
correspond with the outcomes of recent animal studies on
metaphyseal bone healing. These experimental studies
have demonstrated that there is a so-called critical size for
trabecular bone defects: While small defects healed spon-
taneously, the body’s regeneration processes were unable
to repair defects above a certain critical size. Insufficient
bone quality and fibrous tissue were detected in larger drill
hole defects in a murine model [12].
Despite the reduced bone quality in the previous com-
pression zone, trabecular bone healing around this area
can be expected in most cases at the distal radius, as
solid radiographic healing was confirmed by the study of
Figl and coworkers [11]. After open reduction and appli-
cation of a locking plate, no loss of reduction was
observed in patients older than 75 years at a follow-up
of 13 months.
The capability to achieve bony healing in periarticular
fractures with metaphyseal bone defects is of major im-
portance, because the posttraumatic axial alignment and
joint congruency rely on this healing capacity. The con-
cept of spontaneous trabecular remodeling became
popular with the introduction of locking plates. How-
ever, clinically derived ultrastructural data on metaphy-
seal bone regeneration in the literature that would
confirm this spontaneous trabecular bone remodeling
are scarce [18].
In our opinion, the dorsally dislocated distal radius
fracture is an ideal anatomical location for the study of
trabecular bone regeneration, due to the high frequency
of fractures in this location and the easy accessibility for
detailed examination. The fracture is characterized by a
dorsal comminution zone of variable size and a split
fracture on the volar side with minor trabecular deteri-
oration. After indirect anatomical reduction and fracture
stabilization the dorsal compression zone is opened up
and forms a trabecular bone void which can be defined
according the technique of Flinkkila and coworkers [15].
Harvesting of bone biopsies from this location there-
fore allows for the comparison of two regions of interest
from the dorsal and volar aspects of the radius, in order
to analyze the ultrastructural differences in trabecular
bone architecture.
During recent years, a detailed understanding of the
trabecular ultrastructure of the distal radius has been
gained with further insights into age- and gender-related
changes. Quantitative CT studies have shown that bone
quality and quantity is highest in the distal subchondral
area and decreases towards the diaphysis [19]. Age-
dependent changes result in a global deterioration of the
ultrastructure from solid, plate-like trabeculae towards
fragile, rod-like trabeculae. However, the general gradi-
ent of decreasing bone quality from distal to proximal
remains.
Table 2 Ratio of individual ultrastructural parameters between compression zone (C) and volar ROIs (V) at implant
removal; sample size of the specimen and metaphyseal defect size
Initials Ratio C vs. V
BV/TV
Ratio C vs. V
TbN
Ratio C vs. V
TbTh
Ratio V vs. C
TbSp






B G l 1.22 1.34 0.91 1.4 1.57 47 15.75 0.337
B G r 0.97 0.95 1.02 0.94 1.59 47 18.84 1.267
B E 0.37 0.64 0.58 0.56 0.58 71 12.23 0.178
B R 1.13 0.94 1.19 0.97 0.44 63 8.63 0.316
E M 0.41 0.5 0.84 0.43 0.98 65 9.02 0.299
H G 0.69 0.67 1.03 0.65 0.69 52 11.55 0.167
K S 0.37 0.27 1.38 0.24 0.92 64 12.47 1.415
K M 1.19 1.07 1.1 1.1 0.69 67 15.84 1.208
K M 0.45 0.63 0.71 0.57 1.36 68 11.81 0.187
M H 1.11 1.26 0.88 1.31 1.11 58 12.03 0.511
L J 0.92 0.91 1.01 0.89 0.86 23 11.95 0.264
N H 0.89 1.02 0.87 0.99 1.29 62 15.97 0.696
P S 0.73 0.98 0.74 0.94 1.17 21 14.04 0.38
O W 0.33 0.48 0.69 0.43 1.48 61 13.93 0.65
P E 0.94 0.86 1.09 0.84 0.48 62 15.03 0.971
R C 0.75 0.91 0.82 0.87 0.76 75 11.21 0.92
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mens, which is nowadays accepted as the gold standard
for three-dimensional trabecular ultrastructure analysis,
Braunstein and coworkers detected no significant differ-
ence between the anterior and posterior trabecular
networks in the same coronal plane. This is the basis for
the present study and the rational for comparison of the
anterior area with the previous compression void [20].
This provided the baseline for our comparison of the
volar trabecular structure with the dorsal comminution
zone following distal radius fractures. Consequently, the
trephine was inserted perpendicular to the radius shaft
using an image intensifier, aiming into the previous com-
pression zone. This technique provided samples of one
coronal plane, allowing comparable quantitative analysis.
In contrast, Sode and coworkers used pQCT to analyze
the regional variation in trabecular ultrastructure across
axial slices of the distal radius, which is known to be less
accurate than micro CT [21]. They concluded that inner
areas differ significantly from outer areas in terms of BV/
TV and TbN. However, segmentation of the cortex was
threshold based, which might result in higher overall values
for BV/TV and TbN as remnants of the cortex adhere to
the outer area.
However, the reported differences within the inner an-
terior and posterior area are minor. This is of major im-
portance for our study design, as the outer area has not
been subject of the presented analysis of our specimens.
On the volar side, the cortex with the adjacent outer
area was opened with an awl and therefore not availablefor analysis. On the dorsal side, the cortex was not per-
forated with the trephine to preserve the extensor ten-
dons, excluding the outer dorsal area for ultrastructural
analysis.
Our results represent pooled data from all patient speci-
mens irrespective of defect size, age or gender. Further
analysis of our results did not reveal any correlations
between any of these factors and the bone quality of the
defect zone after implant removal, as compared to the
unaffected bone. A possible explanation for this may be
based on the small sample size and heterogeneity of the
study group. In addition, a wide distribution between dif-
ferent patients was found for the ratio of architectural pa-
rameters from the dorsal to volar aspect. While complete
trabecular regeneration was found in certain specimens, in
other specimen, the bone ultrastructure in the dorsal
aspect was still reduced by up to 50%, compared to the
volar aspect.
The small sample number and heterogeneity of the
specimens in our study therefore represent a weakness
posing certain limitations for conclusions from the statis-
tical analysis. In the light of this heterogeneity, further
studies are warranted to determine the impact of age, gen-
der and bone biology on trabecular bone regeneration.
However, this is, to our knowledge, the first attempt of a
quantitative ultrastructural analysis of metaphyseal bone
defects in humans after indirect reduction and locking
plate application. Therefore, all patients who agreed in
specimen harvest during implant removal were included
irrespective of age and gender. Patients 75 years and older
Lutz et al. Journal of Orthopaedic Surgery and Research  (2015) 10:61 Page 7 of 7are missing in this particular study because most of these
patients are treated conservatively. In case of an operative
procedure, implant removal is usually not performed in
this age group.
While the application of autologous bone graft was the
treatment of choice for many years for the filling of the
bone voids created by osteosynthesis of distal radius
fractures with conventional plating techniques, it has
been argued that modern fixation techniques using lock-
ing plates could be used without bone graft or substi-
tutes, while still providing an environment for sufficient
bone regeneration. Our results demonstrate that there is
insufficient evidence to warrant any generalized recom-
mendations against the filling of the defect void by au-
tologous bone grafts or substitutes. We therefore argue
that the decision to use fillers or not has to rely on the
surgeon’s clinical experience, until sufficient evidence is
collected to establish clear guidelines which metaphyseal
defects rely on additional treatment.
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